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Abstract	
	
Concrete	 has	 brittle	 properties,	 fiber	 is	 new	 manifestation	 of	 the	 binder	 capable	
combination	with	portland	cement	in	bonding	matrix	to	increase	tensile	strength.	ACI:C‐
544	mentioning	the	use	of	natural	 fibers	has	proven	to	be	alternative	 fibrous	concrete	
material.	 In	 April	 2015,Prof.V.M.Patel	 research	 the	 application	 of	 bagasse	 fiber	 as	 a	
composite	material	rigid	pavement.	Optimum	bagasse	(through	tensile	and	compressive	
trial)	is	1:90	with	volume	fraction	1%	from	cementitious	materials.	In	2010,	Rusyanto	and	
team	research	tensile	and	compressive	assesment	bamboo	fiber	with	aspect	ratio	1:100	
and	the	optimum	volume	fraction	occur	in	fiber	is	1,5%.	With	these	references,	we	utilize	
combination	 cane	 and	 bamboo	 fiber	 as	 concrete	 constituent	 material	 to	 improve	
mechanical	 properties	 of	 concrete.	 Method	 of	 test	 object	 using	 SNI	 03‐6468‐200	 or	
ACI:211.4R‐93.	Trial	was	conducted	on	mechanical	properties	of	concrete	about	tensile	
and	compressive.	To	know	which	variable	are	the	optimum,	we	make	4	variable	mix.	This	
research	 evaluated	 from	 high	 fsp	 and	 fc'25	 MPa,	 it	 can	 be	 concluded	 that	 the	 four	
variations	or	the	independent	variables	of	concrete	with	combination	of	cane	and	bamboo	
fiber	eligible	fc'25	MPa	and	high	fsp.	It’s	proved	with	compressive	strength	approaching	
normal	variable	29.99	MPa	and	tensile	strength	highest	3.28	MPa.	
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1.1. Preliminary	
Concrete	 has	 advantages	 such	 as	 relatively	 high	 compressive	 strength,	 easily	
shaped	as	desired,	low	maintenance	cost	and	can	be	combined	with	other	materials.	On	
the	other	hand,	concrete	has	a	brittle	nature,	so	in	practice	the	ability	to	withstand	tensile	
stress	 is	 relatively	 small.	 Historically,	 reinforced	 concrete	 has	 been	 given	 constant	
reinforcement	to	withstand	tensile	stresses	in	the	critical	region	of	a	con‐crete	road.	In	
addition,	the	steel	reinforce‐ment	is	adopted	to	cope	with	potentially	large	tensile	stress	
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Figure	1.	The	stress	‐	deformation	behavior	is	
typical	of	fibrous	concrete	and	concrete	without	
fiber:	(a)	In	the	circumstances	of	bending	on	the	
beam	(	b	)	in	compression	on	a	cylindrical	test	
object	
and	sheer	stress	in	the	critical	region	of	a	concrete	road.	Although	the	addition	of	steel	
reinforcement	signifi‐cantly	 increases	the	strength	of	 the	concrete,	 the	development	of	
micro	 cracks	 should	 be	 controlled	 to	 produce	 concrete	 with	 homo‐geneous	 tensile	
properties.	[7]	The	introduc‐tion	of	fiber	as	a	solution	to	develop	con‐crete	properties	of	
concrete	by	improving	the	bending	strength	and	tension.	Fiber	is	a	new	manifestation	of	
the	 binder	 capable	 combination	 with	 Portland	 cement	 in	 a	 ce‐ment	 matrix	 bonding	
(Sivaraja	et	al.	2010).	 
[2]	According	to	ACI	Committee	544	(1988),	some	studies	indicate	that	fiber	can	
increase	the	shear	capacity	(tensile	strength)	of	blocks	of	concrete	or	mortar.	Many	fibers	
have	been	used	to	strengthen	a	variety	of	building	materials,	until	now	a	little	scien‐tific	
effort	has	been	devoted	to	the	use	of	natural	fibers	for	reinforcement.	The	use	of	some	of	
the	best	natural	fibers	and	is	known	as:	sisal,	coconut,	bagasse,	banana,	oil,	etc.		
	[2]	As	quoted	in	the	ACI:C‐544	that	has	been	called	the	use	of	natural	fibers	has	
proven	to	be	an	alternative	material	fibrous	concrete,	and	mentioned	that	bamboo	has	a	
high	quality	compared	to	other	natural	fibers	because	it	has	several	advantages	such	as:	
tensile	strength	is	relatively	high,	fast	growth	and	easily	cultivated	especially	in	tropical	
regions	such	as	in	Indonesia.	The	quality	varies	inversely	with	bagasse	fiber,	which	has	a	
relatively	lower	quality	of	bam‐boo	but	has	a	bonding	strength	that	is	almost	like	bamboo	
fiber,	furthermore	sugar	cane	is	also	easy	to	grow	in	Indonesia	and	the	result	residue	can	
be	easily	found	in	the	excess	of	the	production	of	sugar	and	sale	of	sugar	cane	juice.	
	
1.2. Basic	theory	
 Natural	fiber‐reinforced	concrete	
[3]	 Fiber	 is	 a	new	 form	of	binding	material	 that	 can	be	combined	with	portland	
cement	in	the	bond	of	cement	matrix,	to	increase	the	tensile	strength	by	delaying	the	crack	
growth,	and	increase	the	resilience	by	using	tension	transmission	at	the	crack	so	that	the	
deformations	produced	are	much	larger	and	could	exceed	its	tension	peak	than	without	
fiber	reinforcement.	Figure	1a.	shows	the	increase	of	strength	and	toughness	of	the	fiber	
of	 reinforced	concrete	 in	bending	conditions,	while	 figure	1b.	describes	an	 increase	of	
toughness	in	compression,	in	which	the	compressive	strength	does	not	get	too	affected	
.[4]	Fiber	reinforcement	can	improve	the	impact	strength	of	the	fatigue	strength,	and	also	
reduces	shrinkage.	(Neville,	2010).	
   	
	
	
	
	
	
	
	
	
	
	
	
	
[2]	Concrete	reinforced	with	natural	fibers	generally	called	natural	fibrous	concrete	
.	Many	natural	reinforcement	materials	can	be	obtained	at	a	low	cost	and	small	energy,	
and	we	can	use	the	manpower	and	local	technical	knowledge.	The	use	of	some	of	the	best	
natural	fibers	that	has	been	well	known	such	as:	sisal,	coconut,	bagasse,	banana,	palm	oil,	
etc.,	which	have	been	largely	limited	to	the	production	of:	fabrics,	ropes,	mats,	etc.	(ACI	
544.16‐96)	
 
 Natural	fibers	and	its	availability	in	Indonesia	from	bagasse	and	bamboo	
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TABLE	1	THE	DEVELOPMENT	OF	INDONESIAN	
SUGARCANE	PRODUCTION	(TON)	
Source:	The	Central	Statistics	Indonesia,	
Figure	2.	Sugarcane	milling	process	to	
production	of	sugar	
Sugarcane	Bagasse	
Sugar	cane	as	raw	material	for	sugar	industry	is	one	of	plantation	commodities	that	
have	a	strategic	 role	 in	 the	economy	field	 in	 Indonesia.	The	development	of	sugarcane	
production	 in	Indonesia	over	the	past	three	years	has	been	quite	volatile.	 In	2011,	 the	
production	 of	 sugarcane	 (sugar	 equivalent)	 reached	 2.24	million	 tons	 and	 rose	 about	
15.53	percent	in	2012	to	2.60	million	tons.	In	2013	sugarcane	production	decreased	by	
1.46	percent	to	2.55	million	tons.	The	development	of	sugar	cane	production	Indonesia	in	
2011	through	2013	can	be	seen	in	Table	1.	
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The	biggest	sugarcane	production	in	Indonesia	is	from	East	Java	province	which	is	
1.24	million	tons,	or	48.73%	of	sugarcane	production	in	Indonesia.	Meanwhile	the	
province	of	Lampung	is	the	second	biggest	with	a	production	of	744.64	thousand	tons	or	
29.15	%,	followed	by	Central	Java	with	237.94	thousand	tons	or	9.31	%	and	West	Java	
99.26	thousand	tons	or	3.89%	(Firm	Bureau	of	Statistics	Indonesia,	2013).	To	find	out	
how	to	get	the	process	of	bagasse	can	be	seen	in	Figure	2	below:	
 
 
 
 
 
 
 
 
 
 
From	the	 figure	2,	 it	can	be	concluded	that	 the	bagasse	 is	 the	remnant	/	residue	
from	the	mill	of	sugarcane	molasses	sugar	cane	is	processed	to	manufacture.		
From	the	exposure	of	the	facts	about	the	availability	of	bagasse	in	Indonesia,	the	
potential	to	make	natural	fibers	fibrous	concrete	is	likely	to	occur.	With	the	utilization	of	
bagasse	fiber	for	composite	materials	of	concrete,	waste	bagasse	can	be	reduced,	so	that	
creates	a	clean	environment	and	environmentally	friendly	concrete	technology.		
Fiber	Bamboo	
Agriculture	Census	of	2003	(ST03)	showed	that	bamboo	is	more	commonly	planted	
in	 Java,	 which	 reached	 29.14	 million	 families,	 or	 approximately	 76.83	 %	 of	 the	 total	
population	of	bamboo	 in	 Indonesia,	while	 the	remaining	 is	approximately	8.79	million	
families	 (23.17	 %)	 are	 not	 planted	 in	 Java.	 Bamboo	 in	 Java	 is	 concentrated	 in	 three	
provinces,	which	are	in	West	Java	(28.09	%),	Central	Java	(21.59	%)	and	East	Java	(19.38	
%),	while	in	the	other	Islands,	in	South	Sulawesi	(3.69	%)	
Bamboo	plant	agricultural	households	(household	effort	BMU)	in	Indonesia	in	2003	
reveled	 that	 521.52	 thousand	 population	 clumps	 cultivated	 as	much	 as	 22.84	million.	
From	 521.52	 thousand	 farming	 household	 bamboo,	 about	 74.62	 percent	 (389.17	
thousand)	households	are in	Java,	while	the	remaining	approximately	132.35	thousands	
Bagasse 
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Figure	5.	The	outer	skin	of	bamboo	as	a	
natural	fiber	material	(Source:	Doc.	Personal,	
2015)	
are	in	other	islands.	For	more	details	about	the	population	of	bamboo	in	Indonesia	can	be	
seen	in	Table	2	and	the	following	figure	4:	
TABLE	2	AVAILABILITY	BAMBOO	IN	INDONESIA	
No.	 Province	 The	area	of	land	bamboo	
(hectare)	
1.	 Bali	 251	
2.	 NTB	 169	
3.	 NTT 313
4	 DIY 225
 From	the	exposure	of	the	facts	about	the	availability	of	bamboo	in	Indonesia,	the	
potential	to	make	natural	fibers	fibrous	concrete	is	likely	to	occur.	With	the	utilization	of	
bamboo	 for	 natural	 fiber	 composite	material	 of	 concrete,	 creating	 a	 green	 alternative	
technology.	For	the	physical	form	of	a	piece	of	bamboo	that	can	be	used	as	natural	fibers	
we	can	see	in	the	figure	below:	
 
 
 
 
 
 
 
 
 
 
RESULT	AND	DISCUSSION	
From	the	explanation	of	the	results	of	our	study	in	this	paper,	the	following	are	the	
results	of	our	research:	
1. Specifications	and	threatment	natural	fiber	bagasse	and	bamboo	we	used	are	as	follows	
A. Cane	Fiber	
The	kind	of	specifications	 Wear	 Standard	
The	fiber	 The	dregs	of	the	cane	fiber	 ACI	544	1R‐96	
Origin	fiber	 Sidoarjo	and	Gresik	 ‐	
Ratio	aspect	 90	 Prof	V	M	Patel	2015	
Diameter	 1,5	mm	 Prof	V	M	Patel	2015	
Length	 60	mm	 Prof	V	M	Patel	2015	
Volume	fraction	 1%	form	binder	 Prof	V	M	Patel	2015	
 
 
 
 
 
 
B. Fiber	Bamboo	
The	kind	of	specifications	 Wear	 Standard	
The	fiber	 The	dregs	of	the	cane	fiber	 ACI	544	1R‐96	
Source:	Analisis	dan	Data,		2011	(Excutive	
Summary	Kajian	Sosekling	Penerapan	
Bahan	Bangunan	untuk	Perumahan	
Tradisional)	
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Note:	Variation	Mixed:	1	(Normal)	,	2	(Sugarcane	Fibre)	,	3	
(Bamboo	Fiber)	,	4	(Combination	Fiber	Cane	and	Bamboo)	
Origin	fiber	 Sidoarjo	 ‐	
Ratio	aspect	 100	 Sunaryo	2010	
Diameter	 0,2	mm	 Sunaryo	2010	
Length	 20	mm	 Sunaryo	2010	
Volume	fraction	 1,5%	form	binder	 Sunaryo	2010	
	
2. BBC	 concrete	 applications	 based	 on	 the	 standard	 of	 PU	 2007	 and	
recommendation	of	Mustafa	K.	Sonasath	2013.	
a. According	 to	 PU	 2007,	 BBC	 concrete	with	 fc'25	MPa	 classified	 as	medium	
quality,	 with	 its	 use	 as:	 Bridge	 floor	 plating,	 reinforced	 concrete	 girders,	
diaphragms,	 precast	 concrete	 curbs,	 culverts	 and	 buildings	 of	 reinforced	
concrete	under	bridges.	
b. According	to	Mustafa	K.	Sonasath	2013,	BBC	concrete	constituent	material	is	
recommended	 for	 a	 wide	 variety	 of	 structural	 elements	 such	 as:	 Aircraft	
Runways,	 Dam	 Walls,	 rail	 sleepers,	 and	 quay	 walls.	 In	 which	 structural	
elements	are	getting	an	enormous	burden	with	both	pulling	and	pressing	as	
well	 as	 the	 load	working	 continuously	 and	 also	 shock.	 To	 anticipate	 both	
macro	and	micro	crack	fibrous	concrete	is	used. 
3. Here	is	a	summary	of	the	analysis	results	of	compressive	strength	and	tensile,	
from	these	results	it	can	be	seen	that	the	BBC	concrete	or	a	combination	of	cane	
and	bamboo	fiber	is	the	optimum	variable	compared	to	other	variables	
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. [1]	Calculation	of	the	composition	of	the	concrete	mix	of	the	bamboo	bagasse	
concrete	(BBC)	refers	to	the	standard	ACI:	211.4R	‐	93	or	SNI	03‐6468‐2000.	
With	2	parts:	part	1.Calculations	of	concrete	mix	design	only,	then	part	2	fiber	
volume	fraction	put	into	the	mix	design,	so	that	the	natural	fiber	content	for	the	
manufacture	of	fibrous	concrete.		
5. The	method	of	implementation	and	testing	in	concrete	manufacture	BBC	is	the	
same	 with	 normal	 concrete	 production,	 but	 there	 are	 several	 additional	
processes	which	are	needed	in	manufacturing	and	testing,	such	as:	
a. Natural	fibers	are	added	into	the	freshly	mixed	concrete	
b. Testing	 is	 also	 done	 to	 hard	 concrete	 tensile	 strength	 dimpled	 or	 split	
testing	
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CONCLUSION	
From	 the	 explanation	 of	 the	 results	 of	 our	 study	 in	 this	 paper,	 there	 are	 some	
conclusions	we	can	take	from	our	research	results:	
1. The	 addition	 of	 bamboo	 fiber	 and	 sugar	 cane	 fibers	 can	 increase	 the	
compressive	strength	and	tensile	strength.	
2. The	 addition	 of	 bamboo	 fiber	 and	 sugar	 cane	 fibers	 can	 increase	 the	
compressive	strength	and	tensile	strength.	
3. For	tensile	strength,	the	addition	of	sugar	cane	fibers	combined	with	bamboo	
fiber	 increase	of	 61,28	%	of	 the	 tensile	 strength	of	normal	 concrete	without	
adding	any	fibers	
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